Objective To estimate the burden of disease and related direct medical cost of Acute Respiratory Infections (ARI) for the health-care system in a low-income district of Bogota, generated by children under age five and senior population over age sixty. Methods A cross-sectional, retrospective, patient level study was conducted in San Cristobal district from 2008 to 2012 among the subsidized population. All inpatients and outpatients with ARI from three hospitals were reported. The total and average direct medical costs were estimated and are reported in International Dollars (Int$). Results It is estimated that, for children, ambulatory incidence rate for ARI varied between 54.4 % and 66.3 % and hospitalization rate between 9.2 % and 12.3 %. The mortality rate in the district oscillated between 18.1 and 27.7 deaths per 100 000. The main medical costs were attributed to hospitalizations, and the total medical hospitalization cost per year estimated ranged between Int$ 1 334 352 and Int$ 2 139 597. In the case of senior population, the ambulatory incidence rate fluctuated between 7.6 % and 10.0 %, and the hospitalization rates between 0.6 % and 2.1 %; the mortality rate ranged between 8.9 and 47.8 deaths per 100 000. Hospitalization cost per year was estimated to be between Int$ 88 957 and Int$ 373 382. Conclusion Direct medical costs due to ARI have an important disease and direct medical cost burden in this low-income district.
W orldwide, disease burden caused by Acute Respiratory Infections (ARI) in 2011 was estimated at 117 million Disability Adjusted Life Years and 2.8 million deaths (1, 2) . ARI are among the leading causes of death in children but diagnosis and attribution are difficult (3) . ARIs represent an important economic burden (4) .
In Colombia, from 2007 to 2011, the number of reported ARI increased, as well as the number of fatalities. In 2011, a cumulative total of 4,168,783 ARIs cases were reported by the national surveillance system (Sistema Nacional de Vigilancia en Salud Pública) and approximately 706 fatalities were reported in children under five years of age (5) . The etiology of ARI is given by a diverse group of bacteria and viruses (6) .
In 2010, the incidence of respiratory viruses, according to the Colombian National Institute of Health (Instituto Nacional de Salud, INS) showed that the respiratory syncytial virus caused 62 % of the cases studied, followed by influenza viruses (24 %) and parainfluenza viruses (8 %) . Children are the most affected group (7) . Another age group highly vulnerable to ARI is senior population, causing hospitalizations and mortalities (8) .
ARIs are one of the main causes of hospitalization, generating an important health utilization and absenteeism, therefore, impacting the economic system (3, 6, (9) (10) (11) (12) . In 2012, nationally, the associated mortality for ARIs was estimated at 13.35 deaths per 100,000 children under five (13) .
There is limited data about the direct medical and epidemiological burden of these infections, especially among the low-income population (12, 14, 15) . Understanding the direct medical cost of ARIs is important in order to prioritize a more efficient health intervention to decrease the economic and disease burden. Therefore, the aim of this study is to estimate the direct medical cost of ambulatory and hospitalized cases of ARIs in a low-income district of Bogota, based on a population of children under five years of age and seniors over sixty years of age.
The population of Bogota accounts for more than 15 % of the country's population. Located in Bogota, the district of San Cristobal had an estimated population of 409,799 in 2011 (16) . In 2012, the Gross National Income per capita was estimated at Int$ 4,758.01 for San Cristobal district only (16) (17) (18) (19) . Approximately 34.0 % of the population of San Cristobal is classified in the two lowest income strata of the country (16, 17) .
Similarly to the rest of the country, the health system of the population of San Cristobal is covered by two regimes: contributive and subsidized. The contributive system, representing 62.1 % of the district population, includes patients that can afford a premium rate. The subsidized regime, representing 37.9 % of the district population, consists of patients that are not able to pay a premium rate and are allowed to seek health services from public healthcare providers (12, 17, 20) .
METHODS
A cross-sectional retrospective study was conducted to assess the burden of disease and direct medical cost attributable to ARI between January 2008 and December 2012, in children under five and seniors over sixty years, of the subsidized population, in three hospitals. These two age groups are at considerably higher risk of contracting ARIs and developing severe forms of the diseases (5, 21, 22) .
The Individual Registry of Health Services (Registro Individual de Prestación de Servicios or RIPS) was used, which include the following patient information: identification number, patient name, age, gender, home address, insurance status (subsidized or contributive), purpose of the consultation, treatment, start and end dates of treatment and medical diagnosis codified according to the International Statistical Classification of Diseases and Related Health Problems version 10 (ICD-10) (12, 23) .
ARIs, according to the INS definition, are defined as "a group of infectious diseases caused by microorganisms that affect the upper and lower respiratory tract over a period of fifteen days, and can vary from a common cold to more severe complications such as pneumonia". For this study, the guidelines of the INS to classify ARIs were used, taking into account the following ICD-10 codes (6, 24):
• Acute infections of the upper respiratory tract: J00 to J06.
• Influenza (excluding influenza with pneumonia): J09, J10.1, J10.8, J11.1, J11.8.
• Pneumonia (including influenza with pneumonia): J10.0, J11.0 and J12 to J18 • Other acute infections of the lower respiratory tract: J20 -J22.
The RIPS information from three public hospitals was analyzed, covering all patients within the subsidized system. The three hospitals correspond to increasing levels of complexity: San Cristobal Hospital (first healthcare level), San Blas Hospital (second healthcare level) and La Victoria Hospital (third healthcare level) (17) .
The total size of the subsidized population of the studied age groups was calculated from estimations provided by the National Bureau of Statistics [Departamento Administrativo Nacional de Estadística] in 2012 (16, 17) . For both age groups, the burden of disease caused by ARIs was assessed using RIPS databases and the definition of burden of disease was restricted to the related morbidity and mortality of ARIs, and related ambulatory and hospitalized cases.
Using these individual patient records, the ICD-10 codes, the predefined time period and target population, patients with an ambulatory episode or hospitalization in one of the three hospitals were selected. The mortality rates for both groups caused by ARIs were estimated based on the mortality database of Bogota's Health Services taking into account, for example, unspecified pneumonia as the main cause of death (25, 26) . Direct medical costs caused by the disease include costs of visits, drugs and diagnostic tests. The number of visits could be derived from RIPS. Treatment procedure was taken from national guidelines and costs from the hospital standard procedure cost (27, 28) . Ambulatory cases were categorized in two groups: the first group. ARIs cases excluding pneumonias, it was assumed that both age groups were treated with antipyretics; the second group, including all causes of pneumonia, consisted of ICD 10 codes (J10.0, J11.0 and J12 to J18). It was also assumed that, for both age groups, diagnosis was obtained through thorax X-ray and patients were treated with antipyretics and antibiotics. The average cost per treatment for each age group and healthcare level was estimated.
Data about hospitalizations, administered treatments and related direct costs (diagnostic, treatment, pharmaceutical and medical devices costs) registered in RIPS and retrieved for analysis were used to calculate the average cost per patient. The cost of treatment items included bed-cost per day, the physician's salary, oxygen therapy and the cost of the Intensive Care Unit if applicable. The pharmaceutical cost included the different costs of antibiotics, antipyretics, nebulized bronchodilator therapies and other medications.
In order to compare the different costs by year, all costs were converted to real prices in 2008. To convert nominal prices of a specific year during the period between 2008 and 2012 into real prices, the cumulative inflation rate from 2008 until a specific year was applied (29) . Colombian pesos were then converted to international dollars Int$, using the purchasing power parity from the International Monetary Fund (30, 31) .
RESULTS
In the temperate climate of the northern hemisphere, ARIs have a clear seasonal peak during winter (32, 33) . In this study, a consistent epidemiological peak in April, which historically is the rainiest month, was observed in children (32) . The epidemiological peak is less pronounced (Figure 1 .b) in senior population. During the pandemic A (H1N1) of 2009, the epidemiological peak emerged earlier in September and was more evident (Figure 1 ) in both age groups.
Children of the subsidized regime presented an ambulatory incidence between 54. 4 For children, the average cost per ambulatory ARIs, excluding pneumonias, was estimated between Int$ 15. For seniors hospitalized due to ARIs at first healthcare level hospitals, the average cost per patient was estimated between Int$528, 2 in 2010 and Int$582, (Table 3) . For the three hospitals, the total cost per year was estimated between Int$88,957 in 2008 and Int$373,382 in 2012 (Table 3) . 
DISCUSSION
Few studies have been conducted to calculate the average cost or yearly direct medical cost caused by ARIs. To the extent of our knowledge, this is the first study that correlates direct economic costs to an epidemiological burden in Colombia.
For both age groups, we observed that the incidence of ambulatory ARI episodes followed a seasonal pattern with one peak corresponding to the rainy period in April (Figure 1 ). This seasonal pattern offers us trustful consistency of the data. Furthermore, the yearly incidence of ambulatory cases for both age groups has a decreasing trend over the study period, especially for children, reaching its lowest level in 2012 (Table 1) . Regarding yearly hospitalization rates, an increase in both age groups was noticed, reaching a maximum rate in 2012 for children (Table 1) , for whom an overall increase in mortality rate at the district level with a value of 27.7 per 100,000 children was found. This value is higher than the national level of 13.45 per 100,000 children in 2012 (13, 26) . In the subsidized population, the mortality rate may be more relevant due to a higher presence of risk factors. In seniors, the trend in the number of ambulatory cases and deaths is not clear probably because of the presence of co-morbidities.
In hospitalization cases, there is an increasing trend in the average and yearly total cost for both age groups, reaching a maximum level for children, in 2011 and for seniors in 2012; these costs increases are driven by the tertiary healthcare level. Taking into account only the subsidized population is a limitation of these results, as well as the use of administrative data. ARI cases were selected based on the ICD-10 registration in the RIPS database and the records of cause of death in the mortality database, nonetheless, the strength of the administrative data is the inclusion of all subsidized population. A further limitation is that, for ambulatory cases, the average cost was calculated based on national medical protocols and not on patient records, which underestimates the direct ambulatory cost. To simplify our findings for the hospitalized costs, we calculated the average cost, which limited the statistical distribution of the data. Also, direct medical and indirect costs spent by households were not considered since these costs could represent a high economic burden for households.
In order to diminish the impact of ARIs and other diseases caused by pneumococcus and seasonal influenza viruses. Colombia introduced a Pneumococcal Conjugated Vaccine in 2009 for children (37) . Similarly, the seasonal influenza vaccine was included in 2009 in the national immunization schedules for children under 60 months old (38) . For population aged 60 and older, the influenza vaccine was introduced in 2009 (38) and the pneumococcal polysaccharide vaccine in 2011 (10) .
Despite the introduction of these vaccines, increases in hospitalization rates, mortality rates and related direct medical costs due to ARI in these two age groups were observed. Our analyses require better surveillance data in order to typify the pathogens that cause the disease burden of ARIs. Additional studies are also needed to provide a better understanding of the immunization campaigns including effectiveness, vaccines serotype coverage and timeliness.
Finally, socioeconomic factors could contribute to the observed increases in severity and mortality due to ARIs. The increases in the severity in children could be explained by the high percentage of young mothers with limited education and inadequate knowledge of prenatal and neonatal care (17, 22) . In this community, there are administrative and geographical barriers that could impede access to health facilities and treatments; the households could avoid bringing patients to health providers due to transportation costs and inadequate housing and sanitary conditions could also exacerbate the increase in severity of ARIs. In addition, San Cristobal district has experienced increases in rainfall levels in the past years, which may also explain the increases in severity of ARI. Other factors, such as malnutrition in children, passive smoking and air pollution, may also be involved in the increase of the severity of ARIs.
Direct medical costs of ARI represent an important economic burden on the subsidized health system of this community. The low-income stratum experiences a higher economic and disease burden than the national average stratum. Our findings highlight the need for further studies in the introduction of new vaccination strategies and evaluation of social, economic and environmental indicators related to economic and disease burden of ARI ♦ Conflicts of interests: None.
